Background: Most women with oestrogen receptor (ER) positive primary breast cancer receive adjuvant tamoxifen after surgery. The measurement of tumour biomarkers should allow better selection of patients for such treatment or for therapies such as aromatase inhibitors.
introduction
Tamoxifen is the most widely-used drug in patients with breast cancer. When used as adjuvant therapy after surgery in patients with early breast cancer it leads to enhanced disease-free and overall survival [1] and reduces the incidence of contralateral breast cancer in this population. Although generally welltolerated, tamoxifen is associated with a significant increase in the incidence of thrombo-embolic disease and endometrial cancer [2] but on balance the benefit from tamoxifen outweighs these negative aspects. It would, however, be advantageous to identify and exclude from tamoxifen treatment those patients who derive no significant benefit and possibly consider for them alternative endocrine therapies such as ovarian suppression or aromatase inhibitors in pre-and postmenopausal women, respectively. Aromatase inhibitors have recently been recommended for inclusion into the hormonal adjuvant treatment for steroid receptor positive patients but whether they are best used instead of or in sequence with tamoxifen and whether this choice should be influenced by other features of tumour phenotype has yet to be detemined [3] . The increasing understanding of the molecular relationships that determine the hormonal dependence of some breast carcinomas, provides the greatest potential for determining the way in which these agents may be tailored for individual therapy.
Oestrogen receptor (ER) status is widely accepted as a valuable discriminant of patient benefit from endocrine therapy. In advanced breast cancer, response to endocrine therapy is largely confined to patients with ER-positive disease [4] . ER positivity is, however, not a guarantee of sensitivity and some tumours fail to respond. There is difficulty in interpretation and comparison between studies since in most the differentiation of so-called ER-negative and positive tumours is not according to the absence/presence of ER but rather according to somewhat arbitrary cut-off levels. An additional uncertainty in the application of ER measurements for selection of patients for tamoxifen therapy has been the move from biochemical analysis of tumour homogenates to immunohistochemical analysis of tissue sections. A large, nonrandomised study showed the prognostic significance of very low ER-positivity in tamoxifen-treated patients but the absence of a randomised non-treatment group did not allow a confident demonstration of treatment benefit in patients with such tumours [5] . There are few data demonstrating the reliability of the results from imunohistochemical analyses as markers of treatment benefit.
Patients with tumours expressing high levels of ER appear to derive greater benefit from tamoxifen than those with tumours having positive status but lower expression of ER [1] . It has generally been thought that expression of the progesterone receptor (PgR) gene is largely dependent on an intact ER signalling pathway [6] and as a result PgR is often used as an additional discriminant in selecting patients for hormonal therapy [7] . Over expression of the epidermal growth factor receptor (EGFR) and related HER2 (c-erbB2/neu) have both been associated with poor response to endocrine therapy [8] [9] . However, the role of these as routinely measured biomarkers in the selection of patients for endocrine therapy has not been established. This study also allowed us to describe the interrelationships between these four important markers in a relatively large population.
The benefit from tamoxifen as an adjuvant therapy has been established through the conduct of randomised-controlled trials in which a group of patients do not receive tamoxifen therapy [1] . This is also the only completely valid scenario for determining whether biomarker-identified subgroups derive differential benefit from adjuvant therapy. We have therefore assessed the potential for applying ER, PgR, EGFR and HER2 as individual and combined markers for identifying patients who benefit from tamoxifen in the context of two trials in which patients were randomised between tamoxifen and no adjuvant therapy. Importantly, the trials had very long-term, high quality follow-up data. The trials delivered 2 years of tamoxifen therapy or not and are particularly relevant to the contemporary interest in whether postmenopausal patients should be given 2-3 years of tamoxifen before receiving aromatase inhibition.
materials and methods

clinical trials
The tissues studied were archival in paraffin-embedded blocks, being surplus to pathological diagnostic requirements. They originated from patients who participated in either of two clinical trials which have been described in detail previously [10] [11] [12] . They are described briefly:
(i) Nolvadex Adjuvant Trials Organisation (NATO). Between November 1977 and February 1981, 1285 patients aged £75 years were randomised to receive either 10 mg tamoxifen twice daily for 2 years or no further treatment, following total mastectomy with axillary lymph node clearance or sampling [10] . Node positive patients received regional radiotherapy. Premenopausal patients were only eligible for entry if they had positive axillary nodes. Five hundred and sixty four tamoxifen-treated and 567 control patients satisfied the eligibility criteria. ER analyses were performed on 525 primary tumour specimens by modification of the dextran-coated charcoal assay [11] . Median follow-up was 20 years.
(ii) CRC Adjuvant Breast Trial. Between September 1980 and December 1985, 2230 women under 75 years of age, with stage I or II breast cancer were randomised following primary treatment into one of four treatment groups: (a) control, no further treatment, (b) tamoxifen 10 mg bid for 2 years, (c) cyclophosphamide 30 mg/kg body weight (maximum 2400 mg) i.v. for 6 days post-operatively with approximately 5 mg/kg daily in one i.v. injection or (d) tamoxifen and cyclophosphamide according to the pre-stated schedule [12] . Tissues were retrieved for analysis in the present study from patients in arms (a) and (b) only. Nine hundred and thirty seven eligible patients were randomised between these two arms. Until 1983 primary therapy was either total mastectomy with axillary lymph node sampling followed by radiotherapy for node positive disease or total mastectomy with axillary clearance and no radiotherapy. In 1983 local excision with axillary sampling and radiotherapy was allowed as an option. Median follow-up was 16 years.
For both studies the end-point examined was relapse-free survival.
tissue collection and analysis
Histopathological blocks of breast carcinomas of patients from the two clinical trials were requested from the pathology departments of centres participating in the trials. Contact was made by letter or telephone to the Head of Department and/or to the Clinical Investigator. In some cases the local histopathology department provided sections rather than the blocks. The blocks and slides were sent to the CRC Breast Cancer Trials Centre where they were assigned a code number and then forwarded to the Royal Marsden Hospital for analysis. All laboratory analyses were completed blind of patient treatment and prior to the data being returned to the Trials Centre for statistical analysis. Sections (3 lm) were cut onto charged slides and stored and stained for biomarkers in batches. For each biomarker, positive and negative controls were developed at the start of the study to assure consistent analytical quality.
Immunohistochemical staining was conducted using the primary antibodies at stated dilutions and incubation at room temperature for stated times as follows: ER DAKO 1D5 (1/75, 2 h) [13] ; PgR Novocastra 1A6 (1/40, 2 h) [14] ; HER2 ICR 12 (1/800, 1 h) [15] ; EGFr Menarini E30 (1/10, overnight) [16] . Antigen retrieval was used in all cases except for HER2. For the steroid receptors this involved microwaving at 750W for 10 min in pre-heated pH 6.0 0.01 M citrate buffer. For EGFR protease digestion was applied: 0.05% protease type XXV (Sigma) in phosphate buffered saline, pH 7.3 at 37°C for 15 min. The second layer for ER, PgR and EGFR was DAKO biotinylated rabbit anti-mouse immunoglobulins, 1/200 for 30 min and for HER2 was DAKO rabbit biotinylated anti-rat immunoglobulins, 1/200 for 30 min. The detection system was the DAKO StreptAvidin-Biotin Complex/horseradish peroxidase for 20 min. Comparative validation of the methods for ER and EGFR against biochemical methodology has been previously reported [13, 16] .
Vimentin immunohistochemical staining was conducted on samples found to be negative for all of the 4 biomarkers. DAKO clone V9 was used at a dilution of 1/100 for 1 h following antigen retrieval for 10 min in pH 6.0, 0.01 M citrate buffer.
Scoring was conducted by one person but was reviewed as a quality control procedure by another. Instances of disagreement were resolved by examination on a 2-headed microscope. Scoring of the steroid receptors was by H-score incorporating evaluation of intensity of stain (0 to 3) and number of cells staining (range of score 0 to 300). For ER, 3 categories were defined according to the H-score: ER-negative <1, ER-poor 1-19, ER-rich 20-300. For PgR, two categories were defined: PgR-negative 0-19, PgR-positive 20-300. EGFR was scored using a modified H-score as previously described in 10 high-powered fields and positivity was defined as a score >35 as previously validated [16] . HER2 scoring involved evaluation of the entire section with any membrane staining being recorded as positive. Prior to amalgamation with the clinical databases the biological data were initially explored to examine the frequencies and distributions of the various markers. Cut-off values for the markers were predefined using previous studies. Descriptive analyses were produced from the database of each of the trials and then repeated just in those patients for whom the biological data were available. The main end-point was relapse-free survival which was defined as the time taken to the first recurrence of breast cancer (locally or as a distant metastasis), development of a new tumour or death without a previous event. To maintain consistency with the previous reporting of the trials all analyses were performed on an intention to treat basis. Relapse-free survival plots were drawn and comparisons made by the log-rank test in SPSS (version 13.0 for windows). Comparison of event rates between groups was by calculation of relative risks (rr) which were compared, i.e. tested for heterogeneity, using the methods described by EBCTCG [17] . Ninety-five percent confidence intervals (ci) were presented to illustrate the uncertainty in the estimates of the relative risks. The relative risks quoted express the event rate in the tamoxifen group relative to that in the control group, a relative risk of less than one therefore indicates there was a lower event rate in the tamoxifen group. All tests were two-tailed.
results
A total of 441 of 1131 (39%) samples were retrieved and stained from the NATO study and 413 of 937 (44%) from the tamoxifen alone and no medical treatment arms from the CRC study. Of these 30 and 11 patients, respectively, were non-evaluable, mainly because of inadequate tissue for scoring, leaving a total of 813 evaluable samples on which results were available for all four analytes. The characteristics of the biomarker sub-group at baseline are compared with the total trial populations in Table 1 . For the NATO trial 41% of the biomarker sub-group were lymph-node negative compared with 53% in the main trial. More control than tamoxifen tumours were evaluated from the CRC trial (220 versus 182, respectively, P = 0.065). Otherwise the sub-groups closely matched the respective overall trial populations.
Overall in the biomarkers group the tamoxifen-treated patients showed a significantly longer relapse-free survival (RFS) than the untreated controls (v 2 = 10.95, P < 0.001). The relative risk of an event was 0.76 (ci 0.64-0.89) indicating a 24% reduction in risk for the tamoxifen group. There was also a significantly better RFS for the tamoxifen-treated patients in the NATO sub-group alone (rr 0.74, ci 0.59-0.91, P = 0.0076), while in the CRC trial the benefit did not quite reach statistical significance (rr 0.78, ci 0.62-1.02, P = 0.07) (Figure 1 ). These outcomes closely resembled those in the overall trial populations for the respective trials (data not shown).
The percentage positivity for the four biomarkers was: ER 76% (68% rich + 8% poor); PgR 64%; HER2 16%; EGFR 11%. A growth factor receptor (GFr) positive group was defined by positivity for EGFR or HER2 or both [18] ; because there was little overlap between the EGFR-positive and HER2-positive groups this combined group formed 24% of the total. The relationship between ER and each of the other markers is shown in Table 2a . PgR positivity was substantially higher in the ERrich patients while EGFR and HER2 were lower; only 26 (3.2%) tumours were positive for both ER (rich + poor) and EGFR. For each of the biomarkers the level of positivity in the ER-poor group was intermediate between that in the ER-rich and ER-negative groups. In the ER-positive group, PgR positivity showed an association with growth factor receptor negativity (Table 2b) For ER the planned analysis was to compare ER-positive patients (H-score ‡20) with ER-negative (H-score 0) plus poor (H-score 1-19). However, it has been demonstrated since initiation of this study that tumours with very low ER levels have a better prognosis on tamoxifen than those that are immunohistochemically negative [5] . Thus ER-poor and ER-rich groups are combined to form a single ER-positive group in the analysis.
Univariate analysis of prognostic factors is shown in Table 3 . Treatment, tumour size, nodal status, ER and PgR status were all associated with prognosis. Age, menopausal status, study identity and HER2 and EGFR status had no relationship with prognosis.
The relative-risk of relapse for tamoxifen-treated patients is shown for the individual biomarkers in Table 4 . The relative risk for the ER-positive group was 0.77 (0.63, 0.93) and for the ER-negative group the relative risk was 0.73 (0.52, 1.02). Thus while there was no statistically significant benefit from tamoxifen in the ER-negative group there was a strong trend to a benefit and overall there was no significant difference in the benefit from tamoxifen according to ER status. The trend to a reduced risk for the ER-negative tamoxifen-treated group was similar in both the CRC and NATO groups (data not shown).
Statistically significant benefit from tamoxifen was seen in each of the groups categorised as PgR-positive, PgR-negative, HER2-negative, EGFR-negative or GFr-negative. No significant benefit was seen for the EGFR-positive sub-group but the point estimate of the relative-risk was similar to those for the EGFRnegative subgroups. However, for HER2-positive tumours the relative risk was 1.14 (0.75, 1.73) and a test of heterogeneity indicated that this was significantly different from the relative risk in HER2-negative tumours (v 2 = 4.32, P = 0.04). Despite this the test for heterogeneity for the interaction between treatment and GFr was not significant (v 2 = 1.79, P = 0.18). In patients who were ER-positive, PgR status had little effect on benefit from tamoxifen (PgR-positive rr 0.81, ci 0.65-1.02; PgR-negative rr 0.70, ci 0.49-0.99) (Figure 2 ). It is interesting to note that this is the case despite the different proportions of growth factor receptor positivity and concentrations of ER in the ER-positive population according to PgR status (Table 2b ).
In the ER-negative group differences in outcome according to PgR status were apparent: while the PgR-negative group derived no clear benefit (rr 0.79 ci 0.55-1.14, P = 0.21), the PgR-positive group showed a suggestion of a reduction in risk of relapse (rr 0.46, ci 0.11-1.19, P = 0.11). These two sub-groups made up 21% and 3.2% of the total population, respectively.
The combined analysis of ER and PgR were therefore taken to define steroid receptor-positive (ER and/or PgR-positive). This group showed clear benefit from tamoxifen (rr 0.75 ci 0.62-0.90). Analyses of the impact of growth factor receptors on relapse free survival were conducted in the steroid receptorpositive group. There were 75 (9.3%) patients that were both original article Annals of Oncology steroid receptor-positive and HER2-positive, and there was no significant benefit in this group (Table 5, Figure 3 ). Only 26 (3.2%) patients were EGFR positive and steroid receptorpositive but in contrast to the HER2-positive group this small subgroup appeared to derive benefit from tamoxifen. There was an overlap between these two growth factor receptor-positive subgroups of only three patients such that the combined GFr-positive group that were also steroid receptor-positive comprised 98 patients but this did not define a group that lacked benefit from tamoxifen. ER status had previously been measured by ligand-binding assay (dextran-coated charcoal assay) in 525 (46%) of the 1131 tumours of the NATO study shortly after excision [9] . Of the 525, 202 were included in this biomarker study and therefore also have ER values by immunocytochemistry. A cut-off of 5 fmol/mg protein in the original data set indicated 68% ER positivity in the 202 samples, which is identical to the proportion of ER-rich tumours by immunohistochemistry in the total population. Comparison of these ER-rich values with the ligand binding assay values showed 160 of 202 (79%) concordance with similar numbers (22 and 20) in the two discordant groups.
Factors which were significant on univariate analysis were considered for inclusion in a multivariate analysis using Cox Regression. ER was only considered as a dichotomous variable (negative versus poor + rich) and both tumour size and nodal status were fitted as continuous three level factors. Multivariate analysis did not provide any clear indication of subgroups of patients that benefited or received no benefit from tamoxifen. Two contrasting but equally likely explanations existed. These were that tamoxifen was effective in all patients or that tamoxifen was only effective in patients who are HER2 negative (-2*Log(likelihood)'s for the two models were 6251.5 and 6251.6, respectively). These results reflect the fact that no difference in the tamoxifen effect was seen in ER positive and ER negative patients and that for HER2-positive tumours the relative risk was significantly higher than the relative risk in HER2-negative tumours. However, it was not possible to distinguish between these two explanations on the basis of the data from this study.
discussion
The two trials chosen for this study had the advantage that in each tamoxifen was randomised against no medical treatment and therefore should not have been subject to the confounding effects of concomitant chemotherapy, e.g. endocrine effects in premenopausal women by virtue of an ovarian ablative effect of chemotherapy [19] . Approximately 40% of tumours were available. The relative risk for relapse free survival was 0.76. This is identical to the effect reported in the Overview analysis of 1995 for all trials of about 2-years treatment duration [1] and therefore may be considered representative of this clinical setting. The duration of tamoxifen in current clinical practise is now usually 5 years. However, while the overall benefit from tamoxifen is greater after 5 years the proportional effects of the biomarkers assessed here is likely to be similar at 2 and 5 years. Additionally, there is a contemporary debate as to whether 2 years of tamoxifen treatment prior to switching to an aromatase inhibitor may be preferable to initiating adjuvant treatment with the aromatase inhibitor [20] : the current data from trials of 2 years of tamoxifen are particularly relevant to the issue of switching.
The blocks were between 10 and 23 years old at the time of analysis. It was considered impractical to attempt to assess the nature of protocols for tissue fixation and processing which may conceivably have affected the levels of positivity of the biomarkers. Instead, three approaches were taken to assess the validity of the data prior to comparative statistical analysis. Where there were large centres contributing more than 40 samples the descriptive data were reviewed for any apparently aberrant sets of data; none were noted. In the 60 samples (7.3%) which were negative for all four markers, vimentin staining was conducted to assess the possible degradation of antigens; in all cases staining for vimentin was positive. Whilst this was reassuring it did not exclude the possibility of specific epitope degradation. Therefore the data were also appraised for expected levels of biomarker positivity and for expected relationships between the markers. Some degree of ER positivity was recorded in 76% of tumours, which is within the range of values previously reported. For example, McGuire reported in 1980 (central to the times of recruitment for this study) that 73% of a large series of primary breast carcinomas were ER-positive ( ‡3 fmol/mg protein) [4] . More recently somewhat higher percentages of ER positivity have been described (e.g. 79%; reference 5) but this may, at least in part, reflect the earlier detection of breast carcinomas in modern practice. McGuire also reported 58% PgR positivity which is also similar to the 64% reported here [14] .
As expected there was a strong positive correlation between ER and PgR positivity, and strong negative correlation between ER and EGFr, with a rather weaker negative correlation between ER and Her2. Each of these relationships has been previously reported [9, 12] . For each marker the ER-poor group showed a proportion of positive tumours intermediate between those in the ER-negative and -positive groups. It was particularly notable, given the data presented here on tamoxifen benefit in ER negative tumours, that 4.6% of tumours were ER-negative/PgR-positive; 8.9% were ER-negative/poor/PgR-positive. McGuire [4] reported ER-negative/PgR positive tumours as making up 3% of postmenopausal and 9% of premenopausal women.
The 16% positivity rate for Her2 falls within the very wide range reported for this membrane receptor using a variety of antibodies [22] . Our recent (unpublished) data indicates that positivity recorded with the ICR12 antibody closely corresponds to the 3+ category (but not the 2+ category) with the American HPB-approved DAKO Herceptest. The positivity rate for EGFr of 11% is about half that in our validation series [16] . However, it should be noted that 40% of the tumours in that series were ER-negative compared with 24% in the current report, and as noted above it is widely recognised that EGFr is expressed almost exclusively in ERnegative tumours [21] . Each of these sets of biomarker data support the validity of the current study.
The data also indicate that amongst ER+ tumours a significantly greater number of PgR-negative than PgR-positive tumours express HER2 and/or EGFR (approximately 30% versus 10%). This is consistent with other recent reports [23, 24] .
Overview analysis has revealed a significant advantage for patients receiving adjuvant tamoxifen for both recurrence and overall mortality [1] . In the most recent overview [25] , for patients receiving treatment for 5 years the mean risk reduction for relapse was 31% ± 3 (SD) and for mortality due to breast cancer it was 24% ± 4 (SD). The overview also showed a significant risk reduction for relapse in the ER-poor group for 1-2 years tamoxifen 11% ± 4 (54 000 patients) but this was not significant for 5 years tamoxifen 4% ± 7 (28 000 patients). 
Annals of Oncology original article
When the 1-2 years tamoxifen ER-poor group was subcategorised according to PgR, those with PgR-poor status were seen to gain no benefit from tamoxifen but the PgR-positive and PgR-unknown groups had risk reductions for relapse with relative risks of 14% ± 12 and 15% ± 5, respectively, the latter was highly significant. The corresponding figures for 5 years tamoxifen were 8% ± 15 and 21% ± 15 respectively. The data reported here do not show a clear separation of benefit from tamoxifen according to ER status, with there being closely similar point estimates of relative risk for the ER-positive and ER-negative groups (irrespective of the allocation of the ER-poor group). The combination of ER with PgR data indicates that the ER-negative PgR-positive group of patients may gain substantial benefit from tamoxifen, the point estimate indicating a 54% risk reduction for this subgroup (P = 0.11). In contrast the point estimate for the ER-negative/PgR-negative group was for a 21% risk reduction (P = 0.21). A non-significant increase in risk of 13% (P = 0.34) was observed in the recently published GABG-IV trial [41] (829 patients), which assessed the value of tamoxifen (30 mg) versus no additional treatment following chemotherapy in postmenopausal patients with hormone receptor negative disease. It has been known for many years that patients with ER-negative/PgR-positive tumours show a good response to hormonal therapy in metastatic disease [4, 26] and it is common practise for positivity of either one of these two receptors to be sufficient for inclusion of a patient in clinical trials of new hormonal therapy. However, the application of PgR analyses in the UK is not universal. Conduct of PgR analyses in patients already known to be ER-positive does not seem necessary since this does not define a non-responsive group, but PgR analysis in ER-negative patients could identify a group (about 3% of the total breast cancer population) who would gain substantial benefit from tamoxifen therapy. Our data are consistent with the 2005 International Consensus Guidelines (St Gallen 2005) [42] which were the first consensus guidelines to advocate endocrine responsiveness as the major criterion for choice of endocrine treatment.
The existence of an ER-negative/PgR-positive group has been universally observed but given the oestrogen dependence of PgR it is biologically unexpected and remains mechanistically unexplained. It has been suggested that a constitutively active ER variant which lacks the ligand-binding domain might explain this [26] but the biological importance of this has not been substantiated [27] . It is possible that the apparent benefit of tamoxifen in ER-negative/PgR-positive tumours relates to its having biochemical effects independent of ER. These include inhibition of calmodulin-mediated processes [28] and proteinkinase C activity [29] . Additionally tamoxifen has been shown to reduce plasma levels of the breast tissue mitogen IGF-1 [30] and to enhance breast tumour levels of TGFa [31] which may have endocrine and paracrine effects on malignant breast cells, respectively. Lastly, it is also possible that ER-negative/PgRpositive tumours exist as a result of false negativity of ER and that this explains the benefit from tamoxifen in that group. This could also explain why the overview analysis found benefit in this subgroup in the 1-2 year but not 5 year studies given that these shorter term studies were generally the earlier to be conducted and involved ER assays in their infancy. The presence of PgR in the ER-positive group of patients did not significantly affect the benefit seen with tamoxifen. This is similar to the data from the overview analysis [1, 25] . They disagree with the data from Bardou et al. [32] but that study did not have a randomized non-treatment control arm. While the present study would indicate no value for the measurement of PgR in ER-positive patients a recent retrospective sub-group analysis from the ATAC trail suggests that the aromatase inhibitor anastrozole may be substantially more effective than tamoxifen in ER-positive/PgR-negative tumours [33] .
The relatively low-level of expression of EGFr in this study and its strong negative correlation with ER expression leads to it having no perceptible role in selection of non-responsive patients. However, the data presented here and elsewhere [18, [34] [35] [36] [37] [38] [39] [40] indicate that a role may develop for the measurement HER2 to assess hormone responsiveness. Overall HER2 positive patients failed to benefit from tamoxifen treatment in this study. This is consistent with several reports which suggest that HER2-positive tumours do not benefit from tamoxifen [18, [34] [35] [36] [37] [38] [39] [40] . One study reported that there was a detrimental effect of adjuvant tamoxifen in HER2 positive patients [35] . The present study supports the lack of benefit from tamoxifen but like other studies there are an insufficient number of HER2-positive/ER-positive patients for there to be confidence in the individual data sets in this group. The lack of concordance between different immunohistochemical techniques for HER2 [22] leads to further uncertainty in this issue. While the present data make the evidence more compelling for tamoxifen resistance, an overview analysis of comparable trials would be helpful, preferably assessing Her2 amplification status which has greater reproducibility between laboratories than immunohistochemistry. Data that indicate a greater benefit of aromatase inhibitors than tamoxifen in HER2+ patients in the neoadjuvant setting [41, 42] indicate that these may be preferred agents for the treatment of such patients.
In summary, this retrospective blinded study of 2 years tamoxifen adjuvant therapy suggests that ER analysis alone is insufficient to select patients for treatment, and that PgR analysis should be conducted in ER-negative patients to ensure that potential responders are not denied treatment. PgR status does not appear to be helpful in identifying ERpositive patients that gain differential benefit from tamoxifen. The data support earlier studies for HER2 having a role in identifying patients with a low likelihood of benefiting from tamoxifen. 
